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(57) ABSTRACT

The present invention provides one or more reinforcing mem-
bers configured to act together with the adhesive bonding
between filter media layers to further resist axial deformation
forces such as induced by fluid flowing through the filter and
thereby acting to retain the structural form and 1integrity of the
filter element. Also disclosed 1s amethod of reinforcing layers
of a multilayer axial filter element against displacement of the
layers.
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1
REINFORCED FILTER ELEMENT

TECHNICAL FIELD

The present invention relates to flud filter elements and,
more particularly to apparatus and methods to structurally
reinforce such filter elements against stresses induced 1nto the
filter element due to fluid tlow.

BACKGROUND OF THE INVENTION

Fluid filter elements, including filters for liquids and gases,
are 1 widespread use. One particular class of fluid filter
clement 1s the axial flow filter. The axial tlow filter element 1s
typically formed by wrapping or coiling a pleated sheet of
filter media to form a multilayer filter body. In axial flow
filters the fluid stream enters the filter element at one end face
of the filter, 1s processed through the filter media and then
exits the filter element at an axially opposing end face of the
f1lter.

As an example of an axial flow filter, U.S. Published Patent
application 2007/0271886 (Rieger et. al) discloses an axial
flow filter element having at least one flat filtering element
wrapped or coiled into a compact body configured to filter
fluid media flowing generally axially between two end faces
of the filter element. The filter element 1s formed of at least
one layer of corrugated or pleated filter paper and a layer of
smooth un-corrugated filter paper. The layers are bonded
together and then tightly wrapped together to form an axial
flow filter element of the desired shape and size.

Filters experience fluid flow induced stress on the filter
media layers during operation. The tlow induced stress may
be severe 1n certain cases, for example, when the tflow rate 1s
very high, when the filter 1s perhaps substantially fouled with
debris. In the case of an axial tlow air filter 1n service during
abnormal operating conditions in which the filter element
becomes wetted with water, the flow induced stress may
become severe. The formation of elevated axial stresses in
filter elements due to abnormal operating conditions may
result in the potentially compromaise the structural or adhesive
bonds between the wrapped layers of the filter element. In
rare cases where the bonds are severely compromised this
may lead to telescopic deformation of the filter medium or
other deformations of the filer element.

Time-consuming and expensive manufacturing and engi-
neering solutions have been employed to resolve this prob-
lem, including the addition of a plastic grid support structure
on the clean side of the filter element, as well as various
tormulations of adhesives between filter element layers, filter
housings incorporating filter element support structures and
the like. While such techniques are useful in overcoming the
problem, they are less than optimal from a filter cost and filter
component complexity standpoint and therefore the need
exists for a cost effective solution.

SUMMARY OF THE INVENTION

The present invention provides an improved filter element
having one or more remnforcing members configured to act
together with the adhesive bonding between filter media lay-
ers so as to strengthen the filter and act to further resist axial
deformation forces such as induced by fluid tlow through the
filter, thereby acting to retain the structural form and integrity
of the filter element. The disclosed mnvention may be advan-
tageously used with many different design types of filter
clements. One non-limiting example application 1s 1n provid-
ing reinforcement to axial tlow filter elements itended for
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service as engine combustion air filters, for example on cer-
tain trucking, heavy equipment and automotive vehicle appli-
cations. Axial tlow filter elements are typically manufactured
by wrapping or coiling at least one flat filtering element about
an axis to form a compact filter body. An adhesive 1s applied
to portions of the flat filter element to adhesively bind the
layer together to form a structurally stable filter body. In such
axial tlow filter elements the fluid stream flows through the
filter body between two opposing filter end faces.

According to one aspect of the invention, the filter has at
least one tlat filter media element wrapped relative to an axis
to form a multilayer filter body. The filter has a first end face
and an opposing second end face formed at opposing margins
of the filter body. At least one reinforcing member 1s provided
and secured to at least a portion of the filter layer margins
extending across at least a portion of one end face. The rein-
forcing member providing a tensilely stable reinforcement to
supportively retain a relative positional relationship between
at least a portion of the layers of the multilayer filter element.
For use in comprehending the teachings of this disclosure, we
define “tensilely stable” to mean the reinforcing member does
not elongate or stretch significantly when subject to tensile
forces within the ranges expected during operation of the
filter.

According to another aspect of the invention, the flat media
material has at least one support layer of filter material and at
least one layer of corrugated filter material. The corrugations
provide channels 1n the filter material. The layers are adhe-
stvely secured to each other to form the flat media element.

According to another aspect of the invention, the filter
material includes any of: filter paper, spun-bond synthetics, or
melt blown synthetics.

According to yet another aspect of the invention, the rein-
forcing member includes a filamentary core having a thermo-
plastic pre-coated hot melt sheath. The hot melt sheath 1s
operable to adhesively secure the reinforcing member to the
filter element.

According to a further aspect of the invention, the filamen-
tary core includes metallic wire or multi-stranded metallic
wire.

According to another aspect of the invention, the filamen-
tary core 1ncludes string having one or more filaments.

According to another aspect of the invention, the reinforc-
ing member includes a core having a flattened cross section,
the core further having a thermoplastic pre-coated hot melt
sheath, the hot melt sheath operable to adhesively secure the
reinforcing member to the filter element. In certain aspects of
the invention the core may include any of: a metallic strip, a
woven wire strip, a woven labric strip, and/or a woven {iber-
glass strip.

According to further aspects of the invention, at least one
reinforcing member wraps and adhesively secures onto the
first end face, onto the second end face and onto the outer
surface of the filter body.

In another aspect of the invention, the filter element also
includes at least one filter edge protector adhesively secured
over the outside surface and onto portions of the at least one
wrapping reinforcing member. At least one edge protector 1s
adhesively secured onto a portion of the outside surface of the
filter body.

Also disclosed 1s a method of reinforcing an axial filter
body having a plurality of filter layers and two opposing end
faces against axial displacement of the layers.

The above features and advantages and other features and
advantages of the present invention are readily apparent from
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the following detailed description of the best modes for car-
rying out the invention when taken in connection with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a schematic side view of an axial flow
filter depicting a interlayer bonding failure mode that may
result from elevated axial stress:

FIG. 2A illustrates a side perspective view of a flat filter
media element having a corrugated layer bonded to a support
layer;

FIG. 2B illustrates a schematic end face view of an axial
flow filter element formed by coiling or wrapping the flat
media element of FIG. 2A so as to form multiple filter media
layers;

FI1G. 2C illustrates a schematic plan view of the flat media
clement of FIG. 2A depicting flmid flow through alternately
sealed channels 1n the filter media provided by corrugations
of the corrugated layer of the filter media element;

FIG. 3A 1llustrates a schematic end face view of a flow filter
clement incorporating reinforcing members consistent with
the present invention;

FI1G. 3B illustrates cross sectional views of two reinforcing,
members:

FI1G. 3C 1illustrates an end face view of an axial flow filter
incorporating an alternate arrangement of reinforcing mem-
bers consistent with the present invention;

FI1G. 3D illustrates an end face view of an axial flow filter
incorporating another example of an arrangement of reinforc-
ing member in which remnforcing members wrap both end
taces and the filter outside surface consistent with the present
invention;

FIG. 4 1llustrates a perspective view of an axial filtering
clement having edge protector rings together with reinforcing
members wrapping both end faces and the filter outside sur-
face consistent with the present invention; and

FIG. 5§ depicts a tlow chart describing a method of rein-
forcing a filter body having a plurality of layers and two
opposing end faces consistent with the present invention.

DESCRIPTION OF THE PR
EMBODIMENTS

L1

FERRED

Fluid filters of various types are known 1n the art. Filters
typically utilize a filtration media having a filter mesh size
small enough to entrain and remove undesired matter such as
particulate solids from the fluid stream. The teachings of this
inventive disclosure may be applied to reinforce any of a wide
variety of fluid filter types against filter media deformation
due to, among other things, elevated stresses induced due to
certain fluid flow conditions. One 1llustrative example appli-
cation discussed and presented herein 1s 1n reinforcing axial
flow filters such as those applied 1n combustion air filtering
for motor vehicle engines.

Axial flow filter elements typically have corrugations or
pleats forming a plurality of axially aligned dead-end chan-
nels, each having one end closed or sealed and the opposing
end open through one of the end faces of the filter element.
The open end of the channel 1s 1n communication with the
fluad flow. A first portion of the channels are open to a firstend
face of the filter and the remaining channels are open to the
opposing end face of the filter. The closed ends of the chan-
nels prevent direct tlow of fluid stream between the end faces
of the filter element, thereby constraining the fluid stream to
flow through the walls of the channels 1n the filtering media
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into adjacent channels. Channels are arranged such that the
adjacent channels open to alternating faces of the filter ele-
ment.

A fluid stream, for example a gaseous stream such as a
flowing stream of air, initially enters the filter element at a first
end face and into one or more dead-end channels, then
migrates through the walls dividing adjacent channels 1n the
filter media layer (example: filter paper) subsequently exiting
the filter element through an adjacent dead-end channel open-
ing onto an opposing end face of the filter element. An advan-
tage ol axial flow filters 1s that they offer a larger filter surface
area for a given size of filter element when compared to a
conventional pleated filter, resulting 1n more compact filter
for a given required {ilter surface area.

Due 1n part to the fine mesh of the filter element, filter
clements induce a restriction to the fluid flow through the
filter resulting 1n a pressure drop across the filter. For a given
filter element the pressure drop across the filter 1s effected by
the properties of the filtered fluid as well as the flow rate of the
fluid stream through the filter. The level of contamination of
the filter element 1s another factor influencing the pressure
drop across the filter (as accumulated contamination or dirt 1n
the filter acts to obstruct a portion of the pores in the mesh of
the filter media). Increasing the tflow rate and/or increasing,
contamination in the filter element act to increase the pressure
drop across the filter. The filter pressure drop imposes a sub-
stantially axially aligned stress on the wrapped or coiled
layers of the filter media. As axial filters are generally sup-
ported 1n the filter housing at the outer surface, the axial stress
induced by increasing pressure drop acts so as to attempt to
extend or telescope the inner coiled layers of the filter element
relative to the outer layers of the filter element. This tele-
scopic extension 1s typically prevented by adhesives provided
between the layers of the filter serving to structurally bind the
layers together. If the adhesive strength or adhesive bond
strength 1s not sullicient to counteract this force, the result can
lead to an undesired deformation 1n the filter element and may
contribute to eventual structural failure of the element.

Filter elements are designed to have structural properties
adequate to resist the effects of filter pressure drop expected
in the normal operating life of the filter. However, in certain
unexpected and abnormal operating conditions any particular
filter element might be exposed to unexpected extreme axial
stresses that can lead to telescoping of the 1inner coiled layers
of the filter. One illustrative example of such abnormal filter
operating condition 1s a water logged air filter 1n an automo-
tive engine application. The air induction system 1n an auto-
motive application 1s typically designed to prevent the undes-
ired admittance of water into the engine air induction system.
Water 1s not compressible and having any quantity of water
entering the engine 1s highly undesirable. A failure of the
automotive air induction system or vehicle operation 1n unex-
pected adverse conditions might result 1n a water logged air
filter element due to water droplets reaching and possibly
saturating the air filter element. Water accumulation within
the air filter element results 1n further obstruction of the air
flow through the filter element leading to substantial increases
in the pressure drop and the elevated resultant axial force
(stress) within the filter element. Such high axial stresses may
lead to a deformation or failure of the filter as discussed
carlier.

For better understanding of the present invention, the dis-
cussion now turns to a description of the 1llustrations in the
provided Figures.

FIG. 1 1llustrates a schematic side view representation of
an axial tlow filter element 10 depicting an interlayer bonding
tallure mode that may result from elevated axial stress. The
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filter body 23 1s formed from a flat filter media layer that has
been coiled or wrapped about an axis 22 and having a periph-
ery {ilter outer surface 24. The filter element 10 includes the
filter body 23 plus, 1n some embodiments, additional compo-
nents such as edge protectors (not show 1 FIG. 1 but dis-
cussed later with FIG. 4).

In the present disclosure, references herein to the filter
clement are to be understood to encompass the filter body plus
any additional components (if any) that may be attached to the
filter body to form a complete filter element.

In the embodiment illustrated in FI1G. 1, the filter body 23
and filter element 10 are one 1n the same. Layer 14 1s the outer
layer of the filter body 23. Layers 12 are inner layers (relative
to the outer layer 14). The individual layers (outer layer 14
and the 1nner layers 12) are adhesively bonded to one another
during manufacture of the filter body 23 to form a functional
axial tlow filter 10. For 1llustration and discussion purposes,
FIG. 1 illustrates a potential result of a failure mode which (1n
the 1llustrated example) produces a telescopic extension T of
at least some of the filter inner layers 12 relative to the outer
layer 14 due to the elevated stress induced by fluid stream 16
flowing through filter 10. In operation, fluid stream 16 enters
the filter 10 at the first end face 18 (also know as the dirty side
of the filter) and exits the filter 10 at the opposing second end
face 20 (also known as the clean side of the filter). In an axial
flow type of filter the fluid stream 16 1s generally directionally
aligned with axis 22 of the filter. The flow of the fluid stream
16 through the filter 10 produce a reaction stress or force F
acting upon the plurality of filter media layers of the filter
clement 10. If the magnitude of the reaction stress F 1s suili-
cient, then a portion of the adhesive bonds (not shown) secur-
ing the layers (12,14) together to form a structurally stable
filter element 10 may be compromised resulting 1n an adhe-
stve or a bonding failure between two or more adjacent layers.
An adhesive or bonding failure may permait filter 10 to axially
telescope (as 1llustrated by telescopic distance T) or other-
wise deform. The telescopic deformation T of filter element
10 may result 1n the functional failure of filter 10 1n that a
portion of the fluid stream 16 may pass between any of the
filtration layers (12, 14) of filter 10 and then exit the end face
20 of the filter 10 without receiving the intended benefit of
filtration by the filtration layers (12, 14). In other words, the
fluid stream leaving the filter element 10 may contain con-
taminants imntended to be removed by the filter 10.

It 1s therefore desirable to provide an mnovative mecha-
nism on the filter element 10 to reinforce the filter element 10
and thereby prevent telescopic deformation T under condi-
tions of elevated axial stress.

FI1G. 2A illustrates a perspective view of filter media mar-
gins corresponding to end face portions of a flat media ele-
ment 26 having a corrugated or pleated layer 28 of filter
material bonded to a support layer 30 of filter material. In
some embodiments the filter material of layers 28 and/or 30
may include synthetics and multi layer filter media. These
synthetics may be non-woven and could be, but not limited to,
spun-bond or melt blown construction. Mult1 layer filter
media may incorporate a synthetic layer with a cellulose
layer.

FI1G. 2B 1llustrates a schematic end face view of the axial
flow filter element 10 formed by coiling or wrapping the flat
media element 26 of FIG. 2A to form multiple filter media
layers 42 1n the filter element 10.

FI1G. 2C illustrates a schematic plan view of the flat media
clement 26 of FI1G. 2A depicting fluid tlow through the alter-
nately sealed channels (32, 34) formed by corrugations (also
called pleats) of the corrugated layer 28 (see FIG. 2A). The

corrugations, when coiled as shown in FIG. 2B, form a series
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of channels (32, 34) through the axial flow filter element 10.
The channels (32, 34) are generally aligned with axis 22
(corresponding to the axis about which the flat filter media 26
(see FIGS. 2A and 2B) are coiled to form the filter element
10). Channels 32 are dead-end channels open only at margins
corresponding to the first end face 18 (see FI1G. 1) and 1n fluid
communication with the dirty side of the filter. Channels 34
are dead-end channels open only at margins corresponding to
the second end face 20 (see FIG. 1) and in fluid communica-
tion with the clean side of the filter. The fluid stream 16 enters
the filter element 10 through the channels 32 at the first end
face 18 (see FIG. 1), then migrates through the walls formed
by the corrugated layer 28 and/or the support layer 30 (see
FIG. 2A), flowing into an adjacent channel 34 opening at the
second end face 20, subsequently exiting the filter 10 as fluid
stream 44.

As depicted and discussed earlier with FIG. 1, fluid stream
16 acts to induce stress F (see FIG. 1) which may tend to break
adhesive bonds between filter media layers 42 (see FIG. 2B)
resulting 1n a telescopic extension T (see FIG. 1), possibly
resulting 1n filter integrity failure of the axial filter element 10
(see FIG. 1).

FIG. 3A illustrates a schematic end face view of a filter
clement 50 incorporating reimnforcing members 32 consistent
with the present mnvention. Filter element 50 may be an axial
flow filter as 1llustrated and discussed earlier or alternately
any of a variety of filter elements as would be known to those
skilled 1n the art. In FIG. 3 A, two reinforcing members 52 are
secured to the end face 54 of the filter element 50, specifically
onto the filter layer margins (36 or 38 see FIG. 2C) and
operable to reinforce the inner filter layers 12 (see FIG. 1)
against telescopic deformation relative to the outer filter layer
14 (see FIG. 1). End face 50 1s to be understood to represent
any of the first end face 18 (see FIG. 1) on the filter dirty side
and/or the second end face 20 (see FI1G. 1) on the filter clean
side. Individual reinforcing members 52 are secured to either
the first end face 18 (see FI1G. 1), the second end face 20 (see
FIG. 1) or to both end faces. The angle 0 (Theta) between
reinforcing members 1s to be understood to be any angle
greater than zero degrees and less than or equal to ninety
degrees.

Reinforcing members 352 are operable to supportively
retain the relative positional relationship between layers (12,
14 see FIG. 1) of said multilayer filter element 10 even 1f the
adhesive bonds structurally bonding adjacent layers together
should fail. Reinforcing members 52 are preferably lengths of
adhesively sheathed reinforcing material such as adhesively
coated string or adhesively coated wire. It 1s desirable that
cores of the reimnforcing members 32 utilize a tensilely stable
material. The adhesive used 1n the sheath may be any curable
adhesive material that 1s suitable to adhesively bond to por-
tions of the filter element to which 1t comes ito contact.
Various suitable curable adhesives are known to those skilled
in the art. Preferably the adhesive sheath material 1s a hard-
ened thermoplastic adhesive also known as a hot melt adhe-
stve. Hot melt adhesives are utilized by first heating the adhe-
stve to an adhesive flow point so as to soften the adhesive. The
reinforcing material with the heated adhesive may then be
pressed onto a desired position on the filter body. Once
applied to the filter body the hot melt adhesive quickly cools
below the flow point with the result that the adhesive hardens
and adhesively binds the restraint material to the filter body,
forming the restraint member as discussed earlier. Hot melt
adhesives are well known to those skilled 1n the art.

For use 1n comprehending the teachings of this disclosure,
we define “tensilely stable” to mean the remnforcing member
does not elongate or stretch significantly when subject to




US 7,972,402 B2

7

tensile forces within the ranges expected during operation of
the filter. Examples of such materials include filamentary
materials such as a metallic wire core, a fiberglass core and
various types of fiber strings among others. The cross section
of the reinforcing member may be of any variety of forms.
FIG. 3B 1llustrates a cross section view of an example rein-
forcing member 56 having a circular cross sectional shape 1n
which a substantially round and tensilely stable reinforcing,
member 62 1s sheathed by an adhesive layer 60.

FIG. 3B illustrates a traverse cross sectional view of a
reinforcing member 56 having a circular cross section. The
reinforcing member 56 has a core 62 of tensilely stable rein-
forcing material sheathed by an adhesive sheath utilizing hot
melt or other adhesive material as discussed earlier above.
Although the core 62 1s illustrated as coaxial with the sheath
62, this 1s for drafting convenience only and 1s not to be
interpreted 1n a limiting way. The center of the core 62 may be
offset from the center of sheath 60 as long the core 62 remains
contained within the circular cross section of sheath 60.

FI1G. 3B also illustrates a traverse cross sectional view of a
reinforcing member 58 having a flattened cross section. The
reinforcing member 38 has a flattened core 64 of tensilely
stable reinforcing material sheathed by an adhesive sheath 66
utilizing hot melt or other adhesive material as discussed
carlier above. The reinforcing core 64 may include any of: a
metallic strip, a woven wire strip, a woven fabric strip such as
woven fiberglass or polyesters, as well as a strip formed of
certain plastics having suitable characteristics 1n which the
plastics are tensilely stable within the expected operating
tensile stresses and temperatures of the filter element. When
utilizing reinforcing elements having a flattened cross section
such as reinforcing element 58, 1t 1s preferable that the width
W of the reinforcing member 58 be minimized. An unneces-
sarily wide reinforcing member may obstruct or block a por-
tion of the fluid channels 1n the filter element, thereby reduc-
ing filter area and increasing filter pressure drop. As discussed
carlier with reinforcing member 56, the core 64 1s 1llustrated
as coaxial with the sheath 66 but this 1s for drafting conve-
nience only and 1s not to be mterpreted in a limiting way. The
center of the core 64 may be offset from the center of sheath
66 as long the core 64 remains contained within the periphery
limits the sheath 66.

FI1G. 3C illustrates a schematic end face 72 view of an axial
flow filter 70 incorporating an alternate arrangement of rein-
forcing members (74, 76) consistent with the present mnven-
tion. As discussed earlier, filter element 70 may be an axial
flow filter as 1llustrated or alternately any of a variety of filter
clements as would be known to those skilled in the art. In FIG.
3C two of the reinforcing members 74 are illustrated as hav-
ing a similar length and are positioned to straddle a longer
reinforcing member 76. Reinforcing members 74 and 76 are
positioned 1n a spaced parallel relationship on either or both
end faces of the filter element. Illustrated end face 72 1is
representative of either the first end face 18 (see F1G. 1) or the
second end face 20 (see FI1G. 1) of the filter element 70. The
reinforcing members (74, 76 ) are adhesively secured to one or
more of the filter layer margins (36, 38 see FIG. 2C) and are
operable to reinforce the inner filter layers 12 (see FIG. 1)
against telescopic deformation (see FI1G. 1).

FI1G. 3D illustrates a schematic end face view of an axial
flow filter 80 incorporating another arrangement of reinforc-
ing members 82 consistent with the present invention.
Although similarities are present when compared to FIG. 3A,
FIG. 3D 1s provided to further illustrate that any number and
arrangement of reinforcing members 82 may be provided to
reinforce the filter 80 against telescopic deformation. In FIG.
3D reinforcing members 82 wrap over and are adhesively
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secured to both end faces 84 (only one end face 84 1s visible
in this view, other opposing end face has a similar arrange-
ment) by extending the reinforcing members 82 over and
adhesively securing the reinforcing members to the filter out-
side surface 86 as well as the end faces 84, consistent with the
presented invention. Wrapping the reinforcing members 82
around the filter 80 as 1llustrated in FIG. 3D increases the total
surface area of the adhesive bond between the filter 80 and the
reinforcing members 22, thereby providing a more robust
bond that 1s better able to resist fluid flow stresses tending to
telescopically deform the filter layers 12 (see FIG. 1).

FIG. 4 illustrates a perspective view of an axial filtering
clement 102 incorporating reinforcing members 104 further
secured to the outside surface 108 of a filter element 102 by
plastic rings 110 that are adhesively secured over and onto

portions ol the reinforcing members 104 and onto a portion of
the outer surface 108 of the filter element 102. Advanta-
geously, the plastic rings 110 may also serve as edge protec-
tors which on some filter elements protect the filter end faces
106 (and 18, 20 see FIG. 1) against accidental damage during,
storage, shipping, handling and installation of the filter ele-
ment 102. In FIG. 4 the restraining members 104 are also
adhesively bonded to the end faces (106, only one of the two
end faces 1s visible 1n this view) as well as to the filter element
outer surface 108.

Also disclosed 1s a method 500 of reinforcing an axial filter
body having a plurality of filter layers and two opposing end
faces against axial displacement of the filter layers. The
method 1s illustrated in the flow diagram of FIG. 5. The
method begins at step 502 by providing a tensilely stable
reinforcing material having an elongated filamentary core
and an adhesive outer sheath (also referred to herein as an
adhesive coating). It 1s preferred that the adhesive sheath be a
hardened thermoplastic adhesive (also known as hot melt).
The method continues at step 504 by heating the adhesive
sheath above a tlow point temperature at which point the
adhesive softens and becomes “tacky”. Then at step 506 the
reinforcing material 1s pressed into a desired position on the
filter body. When the adhesive material 1s pressed into the
desired position, the adhesive sheath of the reinforcing mate-
rial contacts and adhesively binds to at least a portion of at
least one of the filter body end faces. The reinforcing material
may optionally also contact portions of the outside surface of
the filter, and may further continue in a generally axial direc-
tion across the outside surface of the filter to contact and
adhesively bind to portions of the opposing face of the filter
body. The procedure continues at step 308 by curing the
adhesive to form a permanent adhesive bond between the
reinforcing material and portions of the filter body traversed
by the reinforcing material. When the adhesive 1s a hot melt
adhesive, the curing step 1s practiced by allowing the adhesive
to cool below the flow point temperature of the hot melt
adhesive. The “cured” reinforcing material 1s now structur-
ally and supportively bonded to the filter body and forms the
reinforcing member discussed earlier with various Figures.

While the best modes for carrying out the invention have
been described 1n detail, those familiar with the art to which
this invention relates will recognize various alternative
designs and embodiments for practicing the invention within
the scope of the appended claims.

The invention claimed 1s:

1. A filter element for filtering a fluid stream comprising:

at least one flat filter media element wrapped relative to an
ax1s to form a multilayer filter body having an outside
surface:
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a first end face and an opposing second end face, said end
faces formed at opposing margins of said filter layers of
said filter body; and

at least one reinforcing member secured to at least a portion
of said filter layer margins and extending across at least
a portion of at least one of said end faces, said reinforc-
ing member providing a tensilely stabile remnforcement
to supportively retain a relative positional relationship
between at least a portion of the layers of said multilayer
filter element;

wherein said filter element 1s adapted for said fluid stream
to enter said filter element at said first end face and exit
said filter element at said second end face;

wherein at least one of said at least one reinforcing member
wraps and adhesively secures onto said first end face,
onto said second end face and onto an outer surface of
said filter body.

2. A filter element for filtering a fluid stream comprising:

at least one flat filter media element wrapped relative to an
axis to form a multilayer filter body having an outside
surface;

a first end face and an opposing second end face, said end
faces formed at opposing margins of said filter layers of
said filter body; and

at least one remforcing member secured to at least a portion
of said filter layer margins and extending across at least
a portion of at least one of said end faces, said reinforc-
ing member providing a tensilely stabile reinforcement
to supportively retain a relative positional relationship
between at least a portion of the layers of said multilayer
filter element;

wherein said filter element 1s adapted for said fluid stream
to enter said filter element at said first end face and exit
said filter element at said second end face;

wherein said at least one reinforcing member 1s adhesively
secured to at least one of said end faces and secured to at
least a portion of said outside surface, said filter element
further comprising:
at least one filter edge protector adhesively secured over

said outside surface and onto portions of said at least
one reinforcing member, said at least one edge pro-
tector adhesively secured onto a portion of said out-
side surface of the filter body.

3. The filter element of claim 2, wherein said flat filter

media element comprises:

at least one support layer of filter material; and

at least one layer of corrugated filter material, said corru-
gations forming channels, wherein said at least one sup-
port layer and said at least one corrugated layer are
adhesively secured to each other to form said flat filter
media element.

4. The filter element of claim 3, wherein said filter media

clement comprises any of filter paper, spun-bond synthetics,
or melt blown synthetics.
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5. The filter element of claim 4, wherein said fluid stream 1s
a gaseous stream and wherein said filter element 1s an axial
flow filter element.
6. The filter element of claim 2, wherein said reinforcing,
member comprises a filamentary core having thermoplastic
pre-coated hot melt sheath, said hot melt sheath operable to
adhesively secure said reinforcing member to said {filter ele-
ment.
7. The filter element of claim 6, wherein said filamentary
core comprises metallic wire or multi-stranded metallic wire.
8. The filter element of claim 6, wherein said filamentary
core comprises string having one or more filaments.
9. The filter element of claim 2, wherein said reinforcing
member comprises a core having a flattened cross section,
said core further having a thermoplastic pre-coated hot melt
sheath, said hot melt sheath operable to adhesively secure said
reinforcing member to said filter element.
10. The filter element of claim 9, wherein said core com-
prises any of: a metallic strip, a woven wire strip, a woven
fabric strip, and a woven fiberglass strip.
11. The filter element of claim 2, wherein said at least one
reinforcing member 1s a plurality of remnforcing members
with at least two of said reinforcing members secured to at
least one of said end faces 1n a cross pattern.
12. The filter element of claim 2, wherein said at least one
reinforcing member 1s a plurality of reinforcing members
with a portion of said plurality of remnforcing members
secured to at least one of said end faces 1n a spaced parallel
relationship.
13. A method of reinforcing the filter element of claim 2,
the filter element including an axial filter body having a
plurality of filter layers and two opposing end faces against
axial displacement of said filter layers comprising:
providing a tensilely stabile reinforcing material having an
clongated filamentary core and an adhesive outer sheath;

pressing said remnforcing material mto a desired position
onto said filter body, said desired position including at
least a portion of at least one of said end faces and at least
a portion of said outside surface of said filter body; and

curing said adhesive sheath of said reinforcing material to
adhesively bond said reinforcing material onto said filter
body.

14. The method of claim 13 wherein

the providing step, the adhesive sheath comprises a hard-

ened thermoplastic adhesive;

wherein after the providing step, the method further com-

Prises:

heating said adhesive sheath of said reinforcing material
until said adhesive 1s above a tlow point temperature;
and

wherein said curing step 1s practiced by cooling said adhe-

stve below said flow point temperature.
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